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Abstract
The relationships between basic hydraulic infrastructure and economic 
growth may be scale dependent; this means variable in strength and in time. 
We investigate the variable patterns of joint evolution of public hydraulic 
infrastructure and sector economic development in Spain during the 20th 
century by means of wavelets for exploratory data analysis. The next section 
surveys the problems of measuring (hydraulic) infrastructure and its impacts 
on the economy activity. Wavelets are introduced, without mathematics in 
section three. In section four the main results of the empirical analysis are 
summarized. 
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Hydraulic infrastructure
The characterization of hydraulic infrastructure is difficult and multiform. 
Sometimes, hydraulic infrastructure is included only partially as an electrici-
ty supplier, or waterways as a transport component, or as generic utilities. It 
is clear that data availability play a large role in determining the delimitation 
of the infrastructure concept. A practical characterization of infrastructure 
is capital that is provided by the public sector. Following this approach, the 
measurement of infrastructure is the monetary value of capital stock based 
on the values of infrastructure investments in monetary. The main reason, 
other than data availability, is that the economic research on infrastructure 
is essentially macro in nature: the interest is the effect of different types of 
infrastructure (dams, ponds, canals) and their impact on economic activity 
at a regional or a sector level, at least. 
There is considerable uncertainty about the actual contribution of infras-
tructure to the economy according to (Bröcker and Rietveld 2009), who 
illustrate several short term and long term effects on aggregate production. 
They emphasize the regional effects. At the short term, there is a direct 
effect on the construction related sectors with a potentially large fiscal cost. 
At the medium and long terms there are positive effects of infrastructure ac-
tivity and direct effects of infrastructure maintenance, and a cost of funding 
infrastructure maintenance, possibly small and decreasing. The former me-
thodological characterization establishes that the effect of infrastructure on 
the economy can be time variable and that its impact can differ in the short 
term and in the long term.  In this situation, the use of wavelet analysis is 
particularly well suited to assess the co evolution of hydraulic infrastructure 
investments and the evolution of the Gross Domestic Product (GDP) and the 
main sectors of the economy. 
Wavelets
Wavelet analysis performs the estimation of the spectral characteristics of a 
time-series as a function of time, revealing how the different periodic com-
ponents of a particular time-series evolve over time. Wavelets constitute 
a family of functions derived from a single function (the mother wavelet) 
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that can be expressed as the function of two parameters, one for the time 
position and the other for the scale of the wavelets, related to the frequen-
cy. The main feature of wavelet analysis is that it enables the researcher to 
separate out a variable or signal into the temporal evolution of different 
periodic components. Presentations of wavelets for applied economics are 
(Crowley 2006) and (Aguiar-Conraria and Soares 2014). 
The Discrete Wavelet Transform (DWT) decomposes a time series of length 
n=2j, being j a natural number, in different components for each level i less 
or equal to j. If the length of the time series is not power of two, a Maximal 
Overlap Discrete Wavelet Transform (MODWT) can be used. Multi-resolu-
tion analysis (MRA) is the reconstruction of the original series as the sum of 
orthogonal component of the time series at the different scales or frequen-
cy ranges. 
The Continuous Wavelet Transform maps a time series into a function of 
time and frequency for all scales. Based on the continuous wavelet trans-
form, we derive the wavelet power spectrum of the time series we are in-
terested in as well as the wavelet coherency of a couple of time series. For 
the case of a univariate time series, the wavelet power spectrum represents 
the variance of a time series. For the bivariate case, the cross wavelet power 
measures the covariance between these two time series along both time 
scales and frequencies. The wavelet coherence is the ratio of cross-spec-
trum to the product of the spectrum of each individual series. The meaning 
of the wavelet coherence is similar to that of correlation along both time 
and scale. In addition, CWT can provide the phase difference between two 
time series which gives the relative position of two time series. 
Empirical analysis
Data is from (Fundación BBVA and IVIE 2009) for (hydraulic) capital and in-
vestments. Since 1927 River Basin Authorities (Confederaciones Hidrográ-
ficas = CH) are in charge of part of public hydraulic capital; our measure of 
basic hydraulic capital includes it, but not those of municipalities or regional 
governments (CCAA). Constant price value added in agriculture, manufactu-
ring, construction, services, and gross domestic product (GDP) data are from 
(Prados de la Escosura 2003), updated with the Spanish National Accounts. 
Firstly, figure 1 illustrates how Maximal Overlap Discrete Wavelet Transform 
(MODWT) is used to characterize the rate of growth of public infrastructure 
capital at different frequencies. The original series is decomposed into a set 
of three orthogonal frequency components (details) D1, D2, and D3, and 
a component A3 representing the time series long trend. Level 1 of details 
(D1) accounts for high frequency deviations (2–4 years), D2 accounts for 
the 4-8 years, and D3 accounts for deviations at the 8-16 years range. Fina-
lly, the level 3 of approximation (A3) accounts for the long-run trend (more 
than 16 years). It is shown that the trend is not monotonic with a maximum 
at mid-60s, and is almost stagnant since the early 90s. The cyclical patterns 
are at frequencies between 8 and 16 years since the 20s until the 60s, and 
at frequencies less than 4 years in the 30s, mainly.  
Figure 1 Basic hydraulic capital. Growth rate. Multi-resolution analysis. 
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Secondly, the relationship between CH capital and Central Government (CG) 
hydraulic capital is studied. Continuous Wavelet Transforms (CWT) show 
great power of hydraulic capital growth for both CH and CG at low frequen-
cies (long run) in the 50s and at higher frequencies (around 4 years) in the 
first 60s. Coherence between CH hydraulic capital and CG hydraulic capital is 
very strong at all frequencies until the 60s, but only at low frequencies and 
almost negligible since then, except at very high frequency at the beginning 
of the 90s.
Thirdly, CWT is used too to analyze sector growth and basic hydraulic in-
frastructure (sum of CH and CG hydraulic capital) growth. This is analyzed in 
direct form and after cleaning the effect of total public capital, giving very 
similar results. Basic hydraulic capital is strongly related to agriculture since 
the 20s until the 70s at the range of 5-9 years, and in the 60s-70s around 
four years. There are similar results, although not equal, for construction, 
with some periods of strong coherency at high frequencies until the 80s. 
There is not noticeable relationship between hydraulic capital and the ma-
nufacturing industry. The interrelationship between hydraulic capital and 
GDP is strong for a short period in the 60s. 
Figure 2  Basic hydraulic capital and Services GDP. Rates of growth. 
The relationship of basic hydraulic capital rate of growth and the rate of 
growth of services is illustrated in Figure 2. In the upper part, the wave-
let coherence indicates several short episodes of coherence at frequencies 
less than four years (noticeably in the 70s and at higher frequencies in the 
80s) and several sparse coherence periods at frequencies between four and 
eight years. As the wavelet approaches the edges of the time series, there 
is a boundary effect known as the cone of influence, being the information 
within this cone less accurate. 
For hydraulic capital and services, the most interesting coherence is given in 
the wide period at frequencies 8-12 years, between mid-10s and mid-80s, 
excepting the 30s and the beginning of the 50s. When the phase difference, 
shown in the bottom, is zero, the two time series co-move in the specified 
frequency. When the phase difference is between 0 and π/2, both series are 
in phase and the time-series x leads y. Clearly, basic hydraulic capital (series 
x) leads services (and the remaining sectors of the economy, but manufac-
turing) at frequencies of around ten years, until the 80s where the effect 
clearly changes. If there were any coherence at around ten years, it would 
be counter-phase.
Conclusions
Wavelet analysis is used to analyze the evolution of hydraulic capital and 
sector GDP in Spain during the XXth century. This paper adds to a large lite-
rature, which have previously analyzed the evolution of hydraulic infrastruc-
ture in Spain, although differing substantially in approach.  The quantitative 
results are in agreement with known facts, and highlight some new interes-
ting trends and cycles. 
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